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1
KEYLESS ENTRY DEVICE

CLAIM OF PRIORITY

This application claims benefit of Japanese Patent Appli-
cation No. 2014-098047 filed on May 9, 2014, which is
hereby incorporated by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a keyless entry device that
performs predetermined control such as locking and unlock-
ing of doors or the like of a vehicle by performing commu-
nication between a vehicle-side device and a portable device.

2. Description of the Related Art

A keyless entry device in which wireless communication is
performed between a vehicle-side device provided in a
vehicle and a portable device carried by a user, and doors of
the vehicle are locked or unlocked based on this communica-
tion has been proposed (for example, Japanese Unexamined
Patent Application Publication No. 2010-181295). In the key-
less entry device, the vehicle-side device includes a plurality
of transmission antennas provided in various places in the
vehicle, and the portable device calculates a distance from the
vehicle-side device based on reception intensity of a signal
transmitted from each transmission antenna of the vehicle-
side device and performs control of locking and unlocking of
the doors of the vehicle according to a result of the calcula-
tion.

However, in the keyless entry device of the related art, if a
user carries other information devices such as a smartphone,
the portable device may receive radio waves generated by the
information device as noise, in addition to a signal transmit-
ted from the vehicle-side device, and accuracy of a distance
calculated from reception intensity may be degraded. Further,
intensity of radio waves generated by the information device
such as the smart phone often periodically varies, and it is
difficult to exactly recognize the influence of the varying
intensity.

SUMMARY OF THE INVENTION

The present invention provides a keyless entry device
capable of accurately measuring a distance from a vehicle
even when a user carries an information device, and perform-
ing predetermined control of the vehicle without a control
error.

According to an aspect of the present invention, there is a
provided a keyless entry device including a vehicle-side
device which is provided on a vehicle side and which trans-
mits a signal at a first frequency, and a portable device which
is ableto be carried by a user and transmits a signal ata second
frequency, the vehicle-side device and the portable device
performing communication with each other to perform pre-
determined control of the vehicle, in which the portable
device acquires noise component data that is based on signal
intensity of a signal received during an OFF time in which the
portable device does not communicate with the vehicle-side
device, and then transmits an information signal that is based
on the noise component data, and the vehicle-side device
transmits a measurement signal controlled based on the infor-
mation signal, at a predetermined time period.

Since background noise is measured in the time OFF in
which communication with the vehicle-side device is not
performed, and the measurement signal is controlled using
the information signal that is based on noise component data
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2

of'the noise, it is possible to generate and transmit an optimal
measurement signal corresponding to the background noise.
Here, the OFF time includes a time in which the portable
device does not communicate with the vehicle-side device,
which occurs after a start-up signal or a measurement signal
is received.

In the keyless entry device according to the aspect of the
present invention, it is preferable that the portable device
acquires the reception intensity of the measurement signal,
and transmits a signal including any one of calculation data
from data that is based on the reception intensity of the mea-
surement signal and calculation data from data that is based
on the reception intensity of the measurement signal and the
noise component data, and the vehicle-side device performs
predetermined control of the vehicle based on the calculation
data.

Accordingly, it is possible to accurately perform predeter-
mined control of the vehicle even when there is background
noise.

In the keyless entry device according to the aspect of the
present invention, it is preferable that it is determined whether
signal intensity information included in the noise component
data is equal to or greater a predetermined threshold value,
and when the signal intensity information included in the
noise component data is equal to or greater than the predeter-
mined threshold value, the measurement signal is transmitted
multiple times during one period in the predetermined time
period.

In the keyless entry device according to the aspect of the
present invention, it is preferable that it is determined whether
the signal intensity information included in the noise compo-
nent data is equal to or greater a predetermined threshold
value, and when the signal intensity information included in
the noise component data is equal to or greater than the
predetermined threshold value, the measurement signal hav-
ing a large signal width is transmitted.

By transmitting the measurement signal multiple times or
transmitting a measurement signal having a large signal
width, measurement at an average noise level is possible even
when there is noise varying such that signal intensity periodi-
cally increases, such as LF noise generated in a smart phone
or the like, and thus, it is possible to secure measurement
accuracy of the distance data.

In the keyless entry device according to the aspect of the
present invention, it is preferable that the portable device
includes a triaxial antenna, and when the intensity of a signal
received for one axis of the triaxial antenna is greater than and
predetermined times or more the intensity of a signal of each
of the two other axes at the time of acquisition of the noise
component data, signal intensity data of the two axes having
lower signal intensity is used as the noise component data.

Accordingly, even when only a signal of a specific axis is
periodically increased as in LF noise of a display screen such
as a smart phone or the like, data of the two axes other than
such an axis is used, and thus, more average background noise
can be measured. Accordingly, it is possible to improve the
measurement accuracy.

In the keyless entry device according to the aspect of the
present invention, it is preferable that the information signal
includes the signal intensity information included in the noise
component data, or information indicating whether the signal
intensity information included in the noise component data is
equal to or greater than a predetermined threshold value.

In the keyless entry device according to the aspect of the
present invention, it is preferable that the portable device
transmits a request signal to the vehicle-side device as a part
or all of the information signal at the predetermined time
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period, and the vehicle-side device transmits the measure-
ment signal each time the vehicle-side device receives the
request signal.

In the keyless entry device according to the aspect of the
present invention, it is preferable that the request signal is a
signal requesting to transmit the measurement signal multiple
times during one period of the predetermined time period or
to transmit the measurement signal having a large signal
width when the signal intensity of the noise component data
is equal to or greater than a predetermined threshold value.

In the keyless entry device according to the aspect of the
present invention, it is preferable that the first frequency is in
a long wave region, and the second frequency is in a higher
frequency region than the first frequency.

By transmitting the signal at the first frequency from the
vehicle-side device and transmitting the signal at the second
frequency which is higher than the first frequency from the
mobile device, it is possible to suppress the influence of noise
in a long wave region output from the information device.

According to the present invention, even when the user
carries an information device, it is possible to accurately
perform distance measurement by reliably recognizing the
influence of noise, and thus, to accurately perform predeter-
mined control of the vehicle.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram illustrating a configuration of a
keyless entry device according to an embodiment.

FIG. 2 is a perspective view illustrating a configuration of
a vehicle-side device according to the embodiment.

FIG. 3 is a timing chart illustrating timings of transmission
and reception of signals in the vehicle-side device and a
portable device when the signal intensity information
included in noise component data is lower than a threshold
value in the embodiment.

FIG. 4 is a timing chart illustrating timings of transmission
and reception of signals in the vehicle-side device and the
portable device when the signal intensity information
included in the noise component data is equal to or greater
than the threshold value in the embodiment.

FIG. 5 is atiming chart illustrating a timing of transmission
and reception of a signal in the vehicle-side device and the
portable device according to a modification example of the
embodiment.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Hereinafter, akeyless entry device according to an embodi-
ment of the present invention will be described in detail with
reference to the drawings.

FIG. 1 is a block diagram illustrating a configuration of a
keyless entry device according to this embodiment, and FIG.
2 is a perspective view illustrating a configuration of a
vehicle-side device according to this embodiment. In the
keyless entry device according to this embodiment, a vehicle-
side device 2 is provided on a vehicle 1 side, and performs
wireless communication with a portable device 3 that can be
carried by a user to perform predetermined control of the
vehicle 1, such as locking and unlocking a door 1a.

The vehicle-side device 2 includes an electronic control
unit 2¢ arranged in the vehicle 1, a plurality of transmission
antennas ANT1 to ANT3 as a first transmission antenna, and
a reception antenna 14. The electronic control unit 2a
includes a vehicle-side reception unit 10 (reception unit), a
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vehicle-side transmission unit 11 (transmission unit), a
vehicle-side control unit 12 (control unit), and a memory 13.

The vehicle-side reception unit 10 receives a signal of
distance data that is based on the reception intensity of a
signal such as an information signal transmitted from the
portable device 3 or a measurement signal transmitted from
the vehicle-side device 2. The vehicle-side transmission unit
11 transmits a signal (for example, a start-up signal or a
measurement signal) to the portable device 3. The vehicle-
side control unit 12 performs, for example, (1) control of an
operation of the vehicle-side reception unit 10 and the
vehicle-side transmission unit 11, (2) control of the measure-
ment signal that is based on the information signal, and (3)
predetermined control of the vehicle 1 such as locking and
unlocking of the door 1a which is based on the distance data
that is based on reception intensity of a measurement signal
transmitted from the portable device 3.

Further, the vehicle-side control unit 12 is configured to
receive information from an opening and closing sensor 31
that detects opening and closing of the door 1a. Further, a
locking unit 32 that locks or unlocks the door 1a or a control
unit thereof is connected to the vehicle-side control unit 12,
and locking or unlocking of the door 1a can be controlled
based on output information from the vehicle-side control
unit 12.

The memory 13 stores, for example, a vehicle-specific 1D,
IDs of a plurality of portable devices capable of operating one
vehicle, information which is necessary to perform the pre-
determined control of the vehicle 1 on the basis of data that is
based on the reception intensity of the measurement signal
data, and information regarding an interval ofthe signal trans-
mitted from the vehicle-side device 2.

The plurality of transmission antennas ANT1 to ANT3 for
transmitting a signal at a first frequency is connected to the
vehicle-side transmission unit 11. The plurality of transmis-
sion antennas ANT1 to ANT3 are respectively provided in
respective places in the vehicle 1, such as a plurality of doors
or in the vicinity thereof. Here, the first frequency is prefer-
ably a low frequency (LF) in a long-wave region, such as 30
to 300 kHz, and a very low frequency region (VLF) may also
be used. Also, the reception antenna 14 for receiving a signal
transmitted from the portable device 3 is connected to the
vehicle-side reception unit 10.

As illustrated in FIG. 1, the portable device 3 includes a
portable device reception unit 20 (reception unit), a portable
device transmission unit 21 (transmission unit), a portable
device control unit 22 (control unit), a portable device recep-
tion antenna (triaxial antenna) 23, a portable device transmis-
sion antenna 25, and a memory 24.

The portable device reception unit 20 receives a signal such
as a start-up signal or a measurement signal transmitted from
the vehicle-side device 2. The portable device transmission
unit 21 transmits a signal (for example, a signal of distance
data calculated from the data that is based on the reception
intensity of the measurement signal transmitted from the
vehicle-side device 2 or information signal that is based on
the noise component data) to the vehicle-side device 2. Here,
the noise component data is data calculated based on signal
intensity of a signal received in the OFF time in which com-
munication with the vehicle-side device 2 is not performed.
Further, the information signal includes the signal intensity
information included in the noise component data, the infor-
mation indicating whether the signal intensity information
included in the noise component data is equal to or greater
than a predetermined threshold value, or the request signal,
and the request signal is transmitted as part a or all of the
information signal.
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The portable device control unit 22 controls the operation
of the portable device reception unit 20 and the portable
device transmission unit 21, and calculates the distance data
that is based on the reception intensity of the measurement
signal transmitted from the vehicle-side device 2. The
memory 24 stores an 1D set in the portable device 3, an ID of
the vehicle, information which is necessary to calculate the
distance data that is based on the reception intensity of the
measurement signal, information regarding an interval
between the signals to be transmitted from the portable device
3, or like.

Further, a reception antenna 23 is connected to the portable
device reception unit 20. The reception antenna 23 is a triaxial
antenna having three-way directional characteristics that are
orthogonal to one another, and receives a signal at a first
frequency transmitted from the vehicle-side transmission unit
11. The transmission antenna 25 is connected to the portable
device transmission unit 21. The transmission antenna 25is a
second transmission antenna, and transmits a signal at a sec-
ond frequency to the vehicle-side device 2. Here, the second
frequency is a frequency (RF) which is higher than the first
frequency.

Subsequently, a flow of communication between the
vehicle-side device 2 and the portable device 3 will be
described with reference to FIGS. 3 and 4. Here, FIG. 3 is a
timing chart illustrating timings of transmission and recep-
tion of signals in the vehicle-side device and the portable
device when the signal intensity information included in the
noise component data is lower than a threshold value in this
embodiment. FIG. 4 is a timing chart illustrating timings of
transmission and reception of signals in the vehicle-side
device and the portable device when the signal intensity infor-
mation included in the noise component data is equal to or
greater than the threshold value in this embodiment. In FIGS.
3 and 4, (a) the signal at the second frequency (RF) received
by the vehicle-side device 2, (b) the signal at the first fre-
quency (LF) transmitted by the vehicle-side device 2, (c) the
signal at the first frequency (LF) received by the portable
device 3, and (d) the signal at the second frequency (RF)
transmitted by the portable device 3 are shown sequentially
from the top.

While an example in which a request signal requesting to
transmit the measurement signal is transmitted from the por-
table device 3 in the keyless entry device according to this
embodiment is shown, the request signal is not transmitted
and the vehicle-side device is set to transmit the measurement
signal at a predetermined timing. In this case, the vehicle-side
device 2 determines whether the signal intensity information
included in the noise component data is greater than a prede-
termined threshold value to determine the number of trans-
missions of the measurement signal. Further, while the
example in which the signal is transmitted from only one of
the transmission antennas ANT1 to ANT3 of the vehicle-side
device 2 is illustrated in FIGS. 3 and 4, the signal is also
sequentially transmitted from the three antennas.

The vehicle-side transmission unit 11 transmits a signal
(forexample, a start-up signal or a measurement signal) to the
portable device 3. The measurement signal is transmitted at a
predetermined time period, that is, in each period of time Tp2
illustrated in FIGS. 3 and 4.

The signal such as the start-up signal or the measurement
signal transmitted from the vehicle-side device 2, and a signal
of the noise component data are included in the signal
received by the portable device reception unit 20. Here, the
OFF time can be arbitrarily determined according to a speci-
fication of the device or the like and is, for example, a time at
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6

which a predetermined time elapses after the signal transmit-
ted from the vehicle-side device 2 is received.

A request signal for making a request to transmit the mea-
surement signal, and a signal of the distance data that is based
on the reception intensity of the measurement signal trans-
mitted from the vehicle-side device 2 are included in the
signal that the portable device transmission unit 21 transmits
to the vehicle-side device 2. Further, information regarding
the number of transmissions of the measurement signal is
included in the request signal. Transmission of the request
signal is performed after a predetermined time (time Tn in
FIGS. 3 and 4) elapses from reception completion of the
signal in the OFF time. The vehicle-side device 2 transmits
the measurement signal the requested number of times each
time vehicle-side device 2 receives the request signal.

In the triaxial antenna 23, when the intensity of the signal
received for one axis of the three axes in the signal of the noise
component data is greater than the intensity of a signal of each
of the two other axes, and is a predetermined times or more
(forexample, 10 times or more) the signal intensity of the two
other axes, data of the two axes having lower signal intensity
is used as the noise component data.

The portable device control unit 22 determines whether the
signal intensity information included in the noise component
data is equal to or greater than a predetermined threshold
value, in addition to the control of the operation of the por-
table device reception unit 20 and the portable device trans-
mission unit 21, and the calculation of the distance data that is
based on the reception intensity of the measurement signal
transmitted from the vehicle-side device 2. For the threshold
value used for this determination, the portable device 3 is no
longer able to determine the start-up signal or the measure-
ment signal when there is a noise component having signal
intensity exceeding this threshold value, and the threshold
value is a value determined to have a large influence on
distance data calculation using the measurement signal. For
example, the threshold value is 50% of signal intensity of the
start-up signal or the measurement signal.

Further, the determination as to whether the signal inten-
sity information included in the noise component data is
equal to or greater than a predetermined threshold value may
be performed by the vehicle-side control unit 12. In this case,
the signal of the noise component data is transmitted from the
portable device 3 to the vehicle-side device 2, and the vehicle-
side control unit 12 executes the determination based on this
signal.

When the portable device control unit 22 determines that
the signal intensity information included in the noise compo-
nent data is equal to or greater than the predetermined thresh-
old value, the portable device control unit 22 transmits the
request signal to request to transmit the measurement signal
multiple times during one period of the predetermined time
period in the OFF time as illustrated in FIG. 4. This number of
transmissions is 2 in the example illustrated in FIGS. 3 and 4,
but may be 3 or more. On the other hand, when the portable
device control unit 22 determines that the signal intensity
information included in the noise component data is lower
than the predetermined threshold value, the portable device
control unit 22 transmits the request signal to request the
measurement signal one time, as illustrated in FIG. 3.

Here, the determination as to whether signal intensity
information included in the noise component data is equal to
or greater than the predetermined threshold value is per-
formed each time the portable device 3 receives the signal of
the noise component data, but the signal intensity of the noise
component data may vary in each reception and thus, a deter-
mination result may vary. In this case, (1) after a determina-
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tion result indicating that the signal intensity information
included in the noise component data is equal to or greater
than the predetermined threshold value is obtained, the mea-
surement signal may be transmitted multiple times always
during a predetermined period regardless of a subsequent
determination result, (2) a request may be made to transmit
the measurement signal multiple times when the signal inten-
sity information included in the noise component data is
equal to or greater than the predetermined threshold value in
each determination result, and to transmit the time measure-
ment signal one time when the signal intensity information
included in the noise component data is lower than the pre-
determined threshold value.

Next, more specifically, a flow of communication between
the vehicle-side device 2 and the portable device 3 will be
described with reference to FIGS. 3 and 4.

When the user closes the door 1a, the vehicle-side device 2
transmits a start-up signal Sw20 to the portable device 3
immediately after the closing of the door 1a (for example,
after 100 ms).

The portable device 3, which has received the start-up
signal Sw20, starts up from a standby state, receives a signal
in the OFF time in which the portable device 3 does not
perform communication with the vehicle-side device 2 after
receiving the start-up signal Sw10, and uses this signal as a
signal Sn20 of the noise component data. The portable device
3 determines whether the intensity of the signal Sn20 of the
noise component data (signal intensity information included
in the noise component data) is equal to or greater than a
predetermined threshold value. When the intensity of the
signal Sn20 of the noise component data is determined to be
lower than the predetermined threshold value, the portable
device 3 transmits a request signal Sr21 requesting to transmit
one measurement signal Sm21 to the vehicle-side device 2, as
illustrated in FIG. 3. On the other hand, when the intensity of
the signal Sn20 of the noise component data is determined to
be equal to or greater than the predetermined threshold value,
the portable device 3 transmits a request signal Sr21 request-
ing to transmit a plurality of measurement signals Sm211 and
Sm212 in the OFF time to the vehicle-side device 2, as illus-
trated in FIG. 4. The request signal Sr21 is transmitted from
the transmission antenna 25 after a certain time Tn elapses
from the reception of the signal Sn20 of the noise component
data. Further, it is preferable for a signal indicating that the
start-up signal Sw20 has been received to be transmitted to
the vehicle-side device 2 prior to transmission of the request
signal Sr21 since activation of the portable device 3 can be
confirmed.

The vehicle-side device 2, which has received the request
signal Sr21, transmits the measurement signal to the portable
device 3 the number of times requested by the request signal
Sr21. That s, the vehicle-side device 2 transmits the measure-
ment signal Sm21 as illustrated in FIG. 3 when transmission
of one measurement signal is requested, and transmits the
measurement signals Sm211 and Sm212 in the OFF time as
illustrated in FIG. 4 when transmission of two measurement
signals is requested.

The portable device 3, which has received the measure-
ment signal, receives a signal of the noise component data in
the OFF time. That is, the portable device 3 receives a signal
Sn21 when the portable device 3 has received one measure-
ment signal Sm21 (FIG. 3), and receives the signals Sn211
and Sn212 in the OFF time when the portable device 3 has
received two measurement signals Sm211 and Sm212 (FIG.
4).

Then, in the portable device 3, the portable device control
unit 22 calculates the distance between the vehicle-side
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device 2 and the portable device 3 based on the reception
intensity of the measurement signal output from the portable
device reception unit 20. The distance is calculated based on
a value obtained by correcting the reception intensity of the
measurement signal using the signal intensity of the noise
component data. Here, in the case illustrated in FIG. 4, the
reception intensity of the measurement signal is corrected
using a value of the signal having lower signal intensity
among the signals Sn211 and Sn212 of the noise component
data or an average value of values of the signals. A signal
Sd21 of'the distance data calculated in this way is transmitted
from the transmission antenna 25 to the vehicle-side device 2.

The vehicle-side device 2, which has received the signal
Sd21 of the distance data, performs a determination as to
whether the vehicle-side control unit 12 locks the door 1a
based on the distance data, and outputs a signal corresponding
to a result of the determination to the locking unit 32.

Then, the vehicle-side device 2 sequentially transmits mea-
surement signals Sm22, Sm23, . .. or Sm221, Sm231, .. . to
the portable device 3 at a predetermined time period, that is,
in each period of time Tp2 from transmission of a first mea-
surement signal Sm21 or Sm211. In the case illustrated in
FIG. 4, second measurement signals Sm222, Sm232, . .. are
transmitted in the OFF time after the measurement signals
Sm221, Sm231, . .. . Each transmission of the measurement
signal is executed when there are request signals Sr22,
Sr23, ... sent from the portable device 3. Further, the request
signals Sr22,Sr23, . . . are transmitted at a predetermined time
period, that is, in each period of time Tp2 from transmission
of a first request signal Sr21, similarly to the measurement
signals.

The portable device 3, which has received the measure-
ment signals, receives signals Sn22, Sn23, Sn221, Sn222,
Sn231, Sn232, . . . of the noise component data in the OFF
time after the reception of the respective measurement sig-
nals. Further, the portable device 3 calculates respective dis-
tances between the vehicle-side device 2 and the portable
device 3 based on the reception intensity of the measurement
signals, and transmits signals Sd22, Sd23, . . . of the calcu-
lated distance data to the vehicle-side device 2.

In the above operation, when the distance between the
vehicle-side device 2 and the portable device 3 is equal to or
greater than the threshold value, or when the vehicle-side
device 2 does not receive the request signal, the vehicle-side
control unit 12 outputs a signal instructing to lock the door 1a
to the locking unit 32, and the locking unit 32 automatically
locks the door 1a. Here, the measurement of a time Tc, a time
Tp1, or other time is performed by a timer unit included in the
portable device control unit 22.

Further, in the case illustrated in FIG. 3, it is preferable for
a setting to be performed such that the vehicle-side device 2
can wait for the request signal even at timings corresponding
to the transmission of the signals Sd21 and Sd22 of the dis-
tance data illustrated in FI1G. 4 (R1 and R2 in FIG. 3; timings
at which a plurality of measurement signals are received) on
the assumption that the request signal requesting to transmit
the measurement signal multiple times is not received.

According to the keyless entry device of this embodiment,
the following effects are achieved through the configuration
as described above.

(1) Since the background noise is measured in the OFF
time in which the communication with the vehicle-side
device 2 is not performed, and the measurement signal is
controlled using the information signal that is based on the
noise component data, it is possible to generate and transmit
an optimum information signal corresponding to the back-
ground noise.
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(2) The portable device acquires the reception intensity of
the measurement signal, and transmits a signal including any
one of calculation data from the data that is based on the
reception intensity of the measurement signal and calculation
data from data that is based on the reception intensity of the
measurement signal and the noise component data, and the
vehicle-side device performs predetermined control of the
vehicle based on the calculation data. Thus, it is possible to
accurately perform predetermined control of the vehicle even
when there is background noise.

(3) When the intensity of a signal received for one axis of
three axes of the triaxial antenna 23 is greater than and pre-
determined times or more the intensity of a signal of each of
the two other axes at the time of acquisition of the noise
component data, signal intensity data of the two axes having
lower signal intensity is used as the noise component data. An
LF (long wavelength region) noise output from a display
screen of a smartphone or the like has a strong tendency to
periodically increase in the axis that is in a position parallel to
the screen of the smartphone among the three axes of the
triaxial antenna 23. Therefore, more average background
noise can be measured by using the data of the two axes other
than one axis having greater signal intensity, and thus, it is
possible to improve the measurement accuracy.

(4) When the signal intensity information included in the
noise component data is equal to or greater than the predeter-
mined threshold value, the measurement signal is transmitted
multiple times for one determination, or the measurement
signal having a larger signal width is transmitted. Further,
correspondingly, the number of acquisitions or an acquisition
time of noise component data in the OFF time is similarly
increased. Thus, even when there is varying noise, including
periodically increasing noise such as LF noise generated in a
smart phone or the like, it is possible to measure the signal
intensity of average noise, and thus, to secure measurement
accuracy of the distance data. Further, it is possible to sup-
press power consumption by performing such a process only
when the noise is larger than a threshold value.

(5) When the start-up signal is transmitted immediately
after the user closes the door 1a and the request signal is
transmitted from the portable device 3 to the vehicle-side
device 2 at the predetermined time period after the start-up
signal is received, the start-up signal reaches the portable
device 3 while the portable device 3 is near the vehicle 1, and
thus, it is possible to suppress influence of the noise signal
through the information device carried by the user and reli-
ably start up the portable device 3. Further, if the start-up
signal is received immediately after the door 1a is closed, it is
no longer necessary to receive the start-up signal, and thus,
even in an environment in which a noise signal exists, it is
possible to reliably perform periodic distance measurement
and control.

(6) It is possible to suppress the influence of the noise in a
long wavelength region output from the information device
by transmitting a signal at a first frequency from the vehicle-
side device 2 and transmitting a signal at a second frequency
higher than the first frequency from the portable device 3.

Hereinafter, a modification example of this embodiment
will be described with reference to FIG. 5. FIG. 5 is a timing
chart illustrating a timing of transmission and reception of a
signal in the vehicle-side device and a portable device accord-
ing to the modification example of this embodiment. In FIG.
5, (a) a signal at a second frequency (RF) received by the
vehicle-side device 2, (b) a signal at a first frequency (LF)
transmitted by the vehicle-side device 2, (¢) a signal at the first
frequency (LF) received by the portable device 3, and (d) a
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signal at the second frequency (RF) transmitted by the por-
table device 3 are shown sequentially from the top.

In the above embodiment, when the signal intensity infor-
mation included in the noise component data is equal to or
greater than the predetermined threshold value, the measure-
ment signal has been transmitted multiple times for one deter-
mination. On the other hand, in this modification example,
when the signal intensity information included in the noise
component data is equal to or greater than the predetermined
threshold value, a measurement signal having a larger signal
width than when the signal intensity information included in
the noise component data is lower than the threshold value is
transmitted. More specifically, as illustrated in F1G. 5, atrans-
mission time of the measurement signal Sm31 from the
vehicle-side device 2 in response to a request signal Sr31
from the portable device 3 is lengthened relative to the mea-
surement signal in the case illustrated in FIG. 3, that is, a case
in which the signal intensity information included in the noise
component data is lower than the predetermined threshold
value, and correspondingly, a reception time in the portable
device 3 is lengthened. This reception time may be, for
example, twice as long as the reception time in the case
illustrated in FIG. 3. Further, after the measurement signal
Sm31 is received, the OFF time in in which a signal Sn31 of
the noise component data is received without communication
with the vehicle-side device 2 is lengthened to the same extent
as the transmission time of the measurement signal Sm31.

Thus, by increasing a transmission and reception time of
the measurement signal and a measurement time of the noise
component, measurement when signal intensity of noise is
low is possible even when there is noise of which signal
intensity varies, such as LF noise generated in a smart phone
or the like, and thus, it is possible to secure measurement
accuracy of the distance data Sd31.

While in the above embodiment, the case in which the
request signal is transmitted as the information signal that is
based on the noise component data has been described, mul-
tiple types of “information signals that are based on the noise
component data” may be transmitted. For example, the
request signal and another type of “information signal that is
based on the noise data component” may be transmitted.

The present invention has been described with reference to
the above embodiment, but the present invention is not lim-
ited to the above embodiment, and improvements or modifi-
cations may occur within the scope of the object of improve-
ment or the spirit of the prevent invention.

As described above, in the keyless entry device according
to the present invention, even when the user carries other
information devices such as a mobile smart phone, it is pos-
sible to perform predetermined control of the vehicle accu-
rately and reliably.

It should be understood by those skilled in the art that
various modifications, combinations, sub-combinations and
alterations may occur depending on design requirements and
other factors insofar as they are within the scope of the
appended claims of the equivalents thereof.

What is claimed is:

1. A keyless entry device comprising:

avehicle-side device provided on a vehicle and configured

to transmit signals at a first frequency; and

a portable device to be carried by a user and configured to

transmit signals at a second frequency, the vehicle-side
device and the portable device performing predeter-
mined control of the vehicle by communicating with
each other,

wherein the portable device transmits an information sig-

nal based on noise component data which is obtained
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from a signal intensity of a signal received in an OFF
time period during which the portable device does not
receive the signals from the vehicle-side device, and

wherein the vehicle-side device transmits a measurement
signal ata predetermined time interval, the measurement
signal being controlled based on the information signal
received from the portable device.

2. The keyless entry device according to claim 1, wherein
the portable device obtains a reception intensity of the mea-
surement signal, and transmits a signal including calculation
data which is calculated from the reception intensity of the
measurement signal, or calculated from the reception inten-
sity of the measurement signal and the noise component data,
and

wherein the vehicle-side device performs the predeter-

mined control of the vehicle based on the calculation
data.

3. The keyless entry device according to claim 1, wherein
one of the portable device and the vehicle-side device deter-
mines whether a noise signal intensity included in the noise
component data is equal to or greater than a predetermined
threshold value, and

when the noise signal intensity is equal to or greater than

the predetermined threshold value, the measurement
signal is transmitted multiple times within a period of
the predetermined interval period.

4. The keyless entry device according to claim 1, wherein
one of the portable device and the vehicle-side device deter-
mines whether a noise signal intensity included in the noise
component data is equal to or greater than a predetermined
threshold value, and

when the noise signal intensity is equal to or greater than

the predetermined threshold value, the measurement
signal having a larger signal width is transmitted.

5. The keyless entry device according to claim 1, wherein
the portable device includes a triaxial antenna, and
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wherein if an intensity of a signal received on one axis of
the triaxial antenna is predetermined times or more
greater than a respective intensity of signals received on
the remaining two axes of the triaxial antenna when the
noise component data is being obtained, the signal inten-
sity of the two remaining axes is used for the noise
component data.

6. The keyless entry device according to claim 1, wherein
the information signal includes:

the signal intensity included in the noise component data;

or

information indicating whether the signal intensity

included in the noise component data is equal to or
greater than a predetermined threshold value.

7. The keyless entry device according to claim 1, wherein
the portable device transmits a request signal to the vehicle-
side device as a part or all of the information signal at the
predetermined time interval, and

wherein the vehicle-side device transmits the measurement

signal each time the vehicle-side device receives the
request signal.

8. The keyless entry device according to claim 7,

wherein the request signal requests the vehicle-side device

to transmit the measurement signal multiple times dur-
ing one period of the predetermined time interval or to
transmit the measurement signal having a larger signal
width, when a noise signal intensity included in the noise
component data is equal to or greater than a predeter-
mined threshold value.

9. The keyless entry device according to claim 1,

wherein the first frequency is in a long wavelength region,

and the second frequency is in a frequency region higher
than that of the first frequency.
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